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Abst ract - - In  this paper, we investigate a generalized n-species Gilpin-Ayala competition system 
with several deviating arguments in periodic environment, which is more general and more realistic 
than the classical Lotka-Volterra competition systems. By using the method of coincidence degree, 
a set of easily verifiable sufficient conditions are derived for the existence of at least one strictly 
positive (componentwise) periodic solution. Some new results are obtained. As applications, we also 
apply our main results to some special cases of the system we consider here, including the classical 
n-species Lotka-Volterra competition systems and n-species Gilpin-Ayala competition model, which 
have been studied extensively in the literature. Some known results are improved and generalized. 
The examples show that our criteria re new, general, and easily verifiable. (~) 2000 Elsevier Science 
Ltd. All rights reserved. 
Keywords - -Pos i t ive  periodic solutions, Generalized Gilpin-Ayala competition system, Deviating 
arguments, Coincidence degree. 
1. INTRODUCTION 
There has been quite a lot of excellent work on the study of ecological compet i t ion systems [1-26]. 
Most of the works are mainly  based on the classical Lotka-Volterra compet i t ion systems [1-18]. 
However, the Lotka-Volterra models have often been severely criticized. One of the cr it ic isms 
is that  in such a model,  the per capi ta  rate of change of the density of each species is a l inear 
funct ion of densit ies of the interact ing species. As Gi lpin and Ayala  [19] pointed out, the Lotka- 
Volterra systems are the l inearizat ion of the per capita growth rates IVi/Ni about  the equi l ibr ium. 
In single-species models, we have seen that  the l inearity assumpt ion in the logistic model  is not 
a serious l imitat ion.  We note that  these observations apply  to a lesser extent in Lotka-Volterra 
models of mult ispecies systems. If we use Lotka-Volterra models only to describe second-order 
dynamics  in a neighborhood of a posit ive equi l ibrium, we will always get some correct and 
relevant information.  The trouble arises when we insist that  a Lotka-Volterra model  should be 
val id globally. 
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In 1973, Ayala et al. 
ten models of competition. 
given by 
[20] conducted experiments on fruit fly dynamics to test the validity of 
One of the models accounting best for the experimental results is 
2~1 ----- rlXl 
:~2 "~ T2X2 
( (Xl ~01 0L12-~2 ) 
1-  \~11, ]  - 
1-  ~ --0/21~i . 
(1.1) 
In order to fit data in their experiments and to yield significantly more accurate results, Gilpin 
and Ayala [19] claimed that a slightly more complicated model was needed and proposed the 
following competition model: 
dNi : riNi 1 -  CN~ °~- Eceij~~TJ j ' i= 1,2 , . . . ,n ,  (1.2) 
dt \ Ki ] j=l 
where Ni is the population density of the i th species, ri is the intrinsic exponential growth 
rate of the i th species, Ki is the environmental carrying capacity of species i in the absence 
of competition, t?i provides a nonlinear measure of intraspecific interference, and a~j provides a 
measure of interspecific interference. Estimate of 0~ for Drosophila in the literature suggests that 
O~ is typically less than one [21,22]. 
Owing to its theoretical and practical significance, since then, some related researches have ap- 
peared in the literature (see, e.g., [19-26]). But ahnost all the authors focused on the autonomous 
cases without time delay, where the environment is assumed to be constant. 
A rather characteristic behavior of population dynamics is the often observed oscillatory phe- 
nomenon of the population densities. One mechanism to do this is to introduce time delay in the 
models, which is a more realistic approach to the understanding of the competition dynamics. 
Another mechanism to produce oscillatory dynamics is to take into account he fluctuation in 
practical environment. However, in most of the models considered so far, it has been assumed 
that all biological and environmental parameters are constant in time. Mathematically, this 
means that the models have been autonomous in which time t has not appeared explicitly in 
the equations. Any biological or environmental parameters, however, are naturally subject to 
fluctuation in time and if a model is desired which takes into account such fluctuation it must 
be nonautonomous, which is, of course, more difficult to study in general. One must of course 
ascribe some properties to the time dependence of the parameters in the models, for only then 
can the resulting dynamics to be studied accordingly. For example, one might assume they are 
periodic, quasi-periodic or almost periodic, etc. 
To consider the periodic environmental factors in real population, it is reasonable to study 
Gilpin-Ayala competition system with periodic coefficients. We will confine ourselves here to the 
case that the biological and environmental parameters are periodic of some common period. A 
very basic and important ecological problem associated with the multispecies population interac- 
tions in periodic environmental is the global existence of periodic solutions with strictly positive 
components which plays the role of the equilibrium of the autonomous models. Such questions 
also arise in many other situations. It is natural to ask for conditions under which the resulting 
periodic nonautonomous system would have a periodic solution. However, to our knowledge, few 
papers have been published on the Gilpin-Ayala competition system in periodic environment, 
which is more general and more realistic than the classical Lotka-Volterra competition system. 
In this paper, we investigate the following generalized periodic n-species competition system 
in periodic environment with deviating arguments of the form 
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y~(0) > 0, i = 1 , . . . ,n ,  
(1.3) 
where aij E C(R,[0, oo)), ri,~'ij C C(R,R) ,  i , j  = 1 , . . . ,n  are w-periodic functions with 
fo  r~(s) ds > 0; 0ij are positive constants. Further, we also assume that Jo aii(t) dt > 0, i.e., when 
the other competitive species are absent, the ith species satisfies the Gilpin-Ayala (P-Logistic) 
equation. In mathematical ecology, (1.1) denotes a model of the dynamics of an n-species ystem 
in which each individual competes with all others of the system for common resources (e.g., food, 
space) and the intraspecific and interspecific ompetition involve deviating arguments Tij. The 
assumption of periodicity of the parameters ,, aij, Tij is a way of incorporating the periodicity of 
the environment (e.g., seasonal effects of weather condition, food supplies, temperature, mating 
habits, harvesting, etc.). In addition, the growth functions ri are not necessarily positive, since 
the environment fluctuates randomly, in bad conditions, ri may be negative. 
As a mathematical model, system (1.3) is more general and includes many ecological models 
as special cases, e.g., if n -- 1, 0ij -= 1 then (1.3) is the delayed logistic equation; if 0ij -= 1, 
then (1.3) is the classical n-species Lotka-Volterra competition system with periodic coefficients; 
if O~j ~ 1,i ~ j,  then (1.3) is Gilpin-Ayala competition model in periodic environment; if 0ij --- 
Oj,ri,aij,Tij are positive constants, then (1.3) is one of the models of interference competition 
considered in [8]. 
The principal aim of this paper is to derive a set of easily verifiable sufficient conditions for the 
existence of at least one strictly positive (componentwise) periodic solution of (1.3). The present 
paper is organized as follows. In Section 2, we first introduce the continuation theorem based on 
coincidence degree proposed by Gaines and Mawhin [27], then we establish a new criterion for 
the existence of a periodic solution with strictly positive components of (1.3). The main result is 
stated in Theorem 2.1. In the rest of Section 2, we also apply Theorem 2.1 to some special cases 
of (1.3), including the classical Lotka-Volterra competition systems and Gilpin-Ayala competition 
systems. In order to illustrate some features of the main results, as applications, in Section 3, we 
investigate some two-species competition systems. The examples how that our easily verifiable 
conditions, which are more general, are new and different from the known results. 
2. EX ISTENCE OF POSIT IVE  PER IODIC  SOLUTIONS 
In this section, we are concerned with the existence of positive periodic solutions of (1.3). For 
the reader's convenience, we first summarize in the following a few concepts and results from [27] 
that will be used in this section. Our existence results are based on the coincidence degree [27]. 
Let X, Z be normed vector spaces, L : Dom L C X ~ Z be a linear mapping, and N : X -~ Z 
be a continuous mapping. The mapping L will be called a Fredholm mapping of index zero if 
dim Ker L -- codim Im L < ÷co and Im L is closed in Z. If L is a Fredholm mapping of index zero 
there exist continuous projectors P : X ~ X and Q : Z --* Z such that Im P -- Ker L, Ker Q = 
Im L = Im( I  - Q). It follows that L [ dom L N Ker P : (I - P )X  --~ Im L is invertible. We denote 
the inverse of that map by Kp. If ~ is an open bounded subset of X, the mapping N will be 
called L-compact on ~ if QN(~)  is bounded and Kp( I  - Q)N : ~ --~ X is compact. Since ImQ 
is isomorphic to Ker L, there exist isomorphisms J : Im Q --~ Ker L. 
In the proof of our existence theorem below, we will use the continuation theorem of Gaines 
and Mawhin [27, p. 40]. 
LEMMA 2.1. CONTINUATION THEOREM. Let L be a Fredholm mapping of index zero and let N 
be L-compact on ~. Suppose the following. 
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(a) For each A E (0, 1), every solution x of Lx  = ANx is such that x • Oft. 
(b) QNx # 0 for each x c Oft n Ker L and 
deg B {JQN,  f~ f3 KerL, 0} # 0, 
where B denotes the Brouwer degree. Then the equation Lx = Nx  has at least one 
solution lying in dom L n ~. 
LEMMA 2.2. The domain R~_ = {(Yl,... ,Yn) [ Y~ > 0, i = 1,2,. . .  ,n} is invariant with respect 
to (1.3). 
PROOF. Since 
yi(t) = yi(O)exp ri(s) - aij(s) (y3 (s - ri j(s))) °'j ds , i = 1, 2 , . . .  ,n, 
j=l 
the assertion of the lemma follows immediately for all t E [0, +oo). | 
For convenience of our discussion below, we introduce the notation 
1 f0 ~ min f ( t ) ,  f~ := max f(t), f := w -- f ( t )  dt, f l  := tet0,w] te[0,~vl 
where f is an w-periodic function. (')=xm denotes n × m matrix. Throughout the remainder of 
this article, if we do not point out specially, we always mean i = 1, 2 , . . . ,  n. 
THEOREM 2.1. Assume that the system of algebraic equations 
0,,) = 0 
g(u) = ri - j~=laijuj ~xl (2.1) 
has finite solutions u* = (ul , . . • ,Un) T C R n+ with u i* > 0 and ~-~. sgn Jg(u*) # 0. In addition, if 
ri > E? t i j  exp{Oi j(Pj  +/~j)  w} , 
j= 1 \ ajj f 
j#i  
then (1.3) has at least one w-periodic solution with strictly positive components, say y*(t) = 
(y~(t), . . . ,  y*(t)) -r and there exists positive constants ai,/3i such that ai < y*(t) E /3i. 
PROOF. Introduce the change of variables 
System (1.3) is then transformed into 
Define 
y (t) = exp (2.2) 
n 
5ci(t) = ri(t) - E a i j ( t )exp {Sijxj (t - Tij(t) ) }.  
j= l  
X = Z = {x(t)  = (x l ( t ) ,  x2( t ) , . . .  ,Xn($)) T e C(R, R n) I x ( t  + w) = x(t)}, 
Ilxll = ( max Ix~(t)l for any x e X (or Z). 
i=1 \ tE  [O,w] 
(2.3) 
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Then X and Z are both Banach spaces with the norm I1" 11. Set 
Lx = J:, 
It is clear that 
and 
( n ) 
Nx = ri(t) - E aij(t) exp {Oijxj (t - vii(t))} , 
j= l  nx l  
l f o "  l fo"  Px  = x(t) dr, for any x E X; Qz = - z(t) dt, ~d 
KerL  = {x [ x E X,  x =h,  h e Rn} , 
{ /o } ImL= z l zEZ ,  z(t) d t=O is closed inZ,  
dim Ker L = n = codim Im L. 
zcZ .  
Im P = Ker L, Ker Q = Im L = Im(I - Q). 
Furthermore, the generalized inverse (to L) Kp  : Im L ~ Ker P N Dom L exists which is given by 
fO t 1 fo"~ for Kp(z )  = z(s) ds - - z(s) ds dr. O2 
Then QN : X --~ Z and Kp( I  - Q)N  : X --* X read 
QNx : (~f°w [ ri(~)-~j=l 
Kp( I  - Q)Nx  = 
aij(t) exp {Oijxj ( t -T i j ( t ) )} ]  d t )  , 
nx1 
(j:[ ]) r~(~) - ~ ~(s )  exp {O~j  (~ - ~'~(~))t e~ 
j= l  nx l  
- ~ ri(s)-~aij(s)exp{O~jxj(s-r~j(s))} dsdt 
j= l  n x 1 
-- ((t- 1) ~w [ri(s)--~.~laij(s)exp{Oijxj (S--Tij(S))} ] dS) n×l 
Clearly, QN and Kp( I -Q)N are continuous. By using the Arzela-Ascoli Theorem, we can easily 
show that Kp( I  - Q)N(~)  is compact for any open bounded set ~ c X. Moreover, QN(~)  is 
bounded. Thus, N is L-compact on ~ with any open bounded set ~ c X. 
Now we reach the position to search for an appropriate open, bounded subset ~ for the appli- 
cation of Lemma 2.1. 
Corresponding to the operator equation Lx = ANx,  A E (0, 1), we have 
[ n ] 
ki(t) = A ri(t) - E aij(t) exp {Oijxj (t - rij (t))} . 
j= l  
(2.4) 
Hence, L is a Fredholm mapping of index zero. It is easy to show that P and Q are continuous 
projectors uch that 
1146 M. FAN AND K. WANG 
Suppose that x = x(t) c X is a solution of (2.4) for a certain A c (0, 1). Integrating (2.4) over 
the interval [0, w] leads to 
that is, 
ri(t) - ~ a~j(t)exp {Oijzj(t - r~j(t))} dt = O, 
j= l  
fo ~ ~ aij (t) exp {Oijxj (t - ~-ij (t))} dt = fiw. 
0 2= 1 2___  
From (2.4) and (2.5), it follows that 
I~(t)l dt = A - Ea~j ( t )exp  {Oijxj (t - Tij(t))} 
j= l  
/o /? < Ir~(t)l dt + 
= 
where/~i = (l/w) fo  [ri(t)[ dt, that is, 
fo ~ I~(t)l < (~ + R~) ~. dt 
Since x(t) E X ,  there exist ~, ~g E [0, cz] such that 
xi (~i) = min xi(t), xi(~i) = max xi(t). 
tE[0,co] tC[0,w] 
From (2.5) and (2.7), we have 
// ~o exp {O~x~ (~)} _< a.(t) exp {0 .~ (t - ~-~(t))} dt <_ ~.  
Moreover, 
Then 
dt 
n 
E aij(t) exp {O~jxj (t - T~j (t))} dt 
j= l  
// {} xi(t) <_ xi(~i) + I:~il dt < l ln  ri o. ~ + (~ + R~) ~ 
On the other hand, from (2.5) and (2.7) it follows that 
f iw = ai j (t)exp{Oijxj(t  - rgj(t))} dt 
j= l  
<__ a i j ( t )exp{Oi jx j (~ j )}  dt  
o 2~ 1 
= £ a~jw exp {O~jxj (vj)}. 
j= l  
(2.5) 
(2.6) 
(2.7) 
(2.8) 
(2.9) 
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Then, from (2.9), 
n 
gii exp {0i~xi(r/i)} _> fi - E a~J exp {Oijxj (r/j)} 
j= l  
j¢i 
n (~_j ~O,:j/Ojj 
>- ri - E hij exp {0ij (fj + Rj) w} , 
j= l  \ ajj ] 
j#i 
which implies 
j= l  
1 j#i (2.10) xi (r/i) _> ~ in aii- := Bi. 
From (2.6) and (2.10), we have 
xi(t) >_ xi(r/d - I~d dt > Bi - (ri +/~i) w (2.11) 
which, together with (2.9), implies 
max [xi(t)[ < max ~" 1 In { ~i } w } , Lo, l l l0i, I :=Hi. (2.12) 
n 
Evidently, Hi are not dependent on the choice of A. Let H = (}-~i=1 H2)1/2 + C, where C is 
chosen sufficiently large such that the solutions of (2.1) satisfies II(ln{ul},..., ln{u*}) TII < C, 
then Ilxll < H. Let ft := {x = (x l , . . . ,xn)  T e XIIIxll < H}. It is clear that f~ verifies 
Requirement (a) in Lemma 2.1. When x c 0ft n KerL = 0f~ N R n, x is a constant vector in R n 
with [IxH = H. Then 
QNx = r~(t) - aij(t) exp {Oijxj dt 
j= l  nx l  
Furthermore, in view of the assumptions in Theorem 2.1, it is easy to prove that 
deg{JQg, f~ A Ker L, 0} ¢ 0, 
where the isomorphism J of Im Q onto Ker L can be the identity mapping, since Im Q = Ker L. 
By now we have proved that f~ verifies all the requirements in Lemma 2.1. Hence, (2.3) has at 
least one w-periodic solution x*(t) in ~. Set y~(t) = exp {x~(t)}, then from (2.2) we know that 
= *t  . . .  * t T y*(t) (Yl(), ,Yn()). is a positive w-periodic solution of (1.3). The boundedness of x*(t) 
implies the existence of positive constants c~i,/3i n Theorem 2.1. The proof of Theorem 2.1 is 
complete, l 
n - 0~j 
COROLLARY 2.1. Assume that the system of algebraic equations ~j=~ a i ju j  = fi has a unique 
solution u* = (U l , . *  . . , U*) T E R n+ with u i* > O, the n x n matrix (Pij)nxn with Pij = Oijaij u'~°iJ3 1 
is nonsingular and 
n (f___Lj~O~lOjj 
ri > Eh i j  exp {0~j (fj +/~j) w} , 
j= l  \ ajj ] 
j#i 
then (1.3) has at least one w-periodic solution with strictly positive components. 
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COROLLARY 2.2. Assume that the system of algebraic equations 
aii(ui) Oii -~- ~ (tijuj = ri (2.13) 
j=l  
j#i 
has a unique solution (u~,.. . ,u*) T E R~ with u* > O, the n x n matrix (Pij)nxn with Pi~ = 
Oiihiiu *°"-1 and Pij = 5ij for j ~ i is nonsingular and 
ri > ctij ~ exp{(~j + Rj )w}.  
j=l j#i 
Then the Gilpin-Ayala competition model, namely (1.3) with Oiy - 1 (i # j), has at least one 
w-periodic solution with strictly positive components. 
If the parameters in (1.3) with Oij --- 1 (i # j) are positive constants, then (1.3) is the system 
considered by Gilpin and Ayala [19], and hence, the unique solution (u~,. . . ,  u~) T of (2.13) is 
the positive equilibrium of the Gilpin-Ayala competition model considered in [19]. Both of the 
cases of 0i _> 1 and 0 < Oi < 1 are considered there (see [19]). Therefore, one can derive sufficient 
conditions to guarantee (2.13) has a unique positive solution according to Gilpin-Ayala discussion. 
LEMMA 2.3. Assume that 
then the system of algebraic equations 
j=l  ajj ' 
j#i 
n 
E ?tijuj = ~i 
j=l  
has a unique solution (u~,.. . ,  U~) T E. R~ with u* > O. 
PROOF. The proof is similar to that of Lemma 4.1.1 in [8]; we omit it here. 
COROLLARY 2.3. Assume that Oij - 8j with ~j positive constants and 
ri > ~{t i j  rJ exp{Oj(rj  q- Rj) w} . 
j=l ajj  j#i 
Then (1.3) has at/east  one w-periodic solution with strictly positive components. 
PROOF. Note that 
n _ n _ .  
_ rj E ctij rj ri > Eaij-~-~ exp{Oj (rj + R j )w} > __  
j=l 32 j=l ajj  
j#i j#i 
n then from Lemma 2.3, it follows that the system of algebraic equations E j=I  ai j (uj)  tgj : ri has 
a unique solution (Ul,-* • •, u*~-rn/ E R~ with u i* > 0. The conclusion follows immediately from 
Theorem 2.1. | 
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COROLLARY 2.4. Assume 
n 
_ ej  
r, > E aiJ~:L-. • exp { (rJ + J~,) w} . 
j= l  ~J3 
j#i 
Then the classical Lotka-Volterra system, namely (1.3) with 8ij -= 1, has at/east  one w-periodic 
solution with strictly positive components. 
In [5], Fan and Wang investigate the existence and global attractivity of positive periodic solu- 
tions of periodic n-species Lotka-Volterra competition system with several deviating arguments, 
which is a special case of (1.3) with 8ij - 1. Corollary 2.4 is Theorem 2.1 proved in [5]. Li [12] dis- 
cussed the existence of positive periodic solutions of periodic n-species competition system with 
delays, which is a special case of the system consider in [5]. Our results improve and generalize 
the results in [5,12]. 
We should point out that the result of Theorem 2.1 remains valid, and hence, Corollaries 2.1-2.4 
are valid, if some or all of the terms with deviating arguments are replaced by continuously 
distributed elays as in the case of 
.] Yi(t) = yi(t) ri(t) - aij(t) kij(t - u)(yj(u)) °'j d , i = 1, . . .  ,n, (2.14) 
where aij : R -~ [0, +co), ri : R --* R are continuous w-periodic functions with Jo  ri(t) dt > O, Oij 
are positive constants and kij : [0, +co) --. [0, co) are measurable, w-periodic normalized functions 
such that f :oo  kij(s) ds = 1, which denote the delay kernels. 
THEOREM 2.2. I f  the conditions in Theorem 2.1 are satisfied, then (2.14) has at least one w- 
periodic solution with strictly positive components. 
PROOF. The proof is exactly the same as that of Theorem 2.1 with only some slightly changes; 
we omit it here. | 
3.  EXAMPLES 
In order to illustrate some feature of our main results, in this section, we will apply our main 
results to some special two-dimensional systems. 
EXAMPLE 1. Consider the classical Lotka-Volterra two-species competition system, that is, (1.3) 
with 9ij ~ 1 and n = 2, which has been studied extensively in the literature [2,4,8,11,15,25]. 
If 
f la22 >r2~12exp{( r2 - l -R2)w},  r2a l l>r la21exp( ( f1 -{ - /v~1)w},  
then by Corollary 2.4, the Lotka-Volterra two-species competition system has at least one w- 
periodic solution with strictly positive components. 
If ri(t) > 0, Tl l ( t )  -~ T22(t) = 0, T12(t) ---- T21(t) = W, 9 i j  -~ 1, i = 1,2, then (3.1) is the system 
considered in [2,6]. Golpalsamy [6] proved that if 
l l u u l l u u 
r la22 ~ r2a12~ T2al l  ~ v ia21,  
then the system considered in [6] has an w-periodic solution with strictly positive components. 
Obviously, our result is different from the results obtained in [61 for two-species Lotka-Volterra 
competition system. 
EXAMPLE 2. Consider a two-species competition system in a periodic environment of the form 
dyl ( t____~) 
= y l ( t )  [ r l ( t )  -- a l l ( t ) (Y l  (t -- T l l ( t ) ) )  01 -- a l2( t ) (Y2 (t -- T12(t)))02] , 
dt (3.1) 
dyu(t) 
dt ---- y2(t)  [r2(t)  - a21(t ) (Y l  (t - T21(t))) 01 -- a22(t)(Y2 (t -- T22( t ) ) )02]  . 
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The assumptions on ri, aij, T.ij, 8i are similar to those of (1.3). From Corollary 2.3, it follows that 
if 
rla22 > 42a12 exp {82 (42 +/~2) w} , 
r2au > 41d21exp {81 (41 +/~0 w} , 
then (3.1) has at least one w-periodic solution with strictly positive components. 
EXAMPLE 3. Consider the following two-species Gilpin-Ayala competition system of the form 
dyl(t) ( (y l  (t-- T_n(t))~ °l a12(t)Y~(t--_T_12(t))~ 
dt - rlyl 1 - K1 .] - 1(2 ] ' 
- -dt  - r2y2 1 - Ks  ) _ a21(t)y l  (t -7(_~r21(t)) , 
where ri, K.i, Oi are positive constants; aij, Tij c C(R,  [0, +~))  are w-periodic functions. 
If ~12 < 1, c~21 < 1, then the algebraic equations 
1 
- - a12~ = O, 1 - - 6L21~-~1 = 0 
K2 
have a unique positive solution (u~,u~) T with 0 < u I < K1, 0 < u~ < K2. From Corollary 2.2, 
it follows that if 
< < a12a21 
\K1]  \K2]  # 8,82' 
then (3.2) has at least one w-periodic solution with strictly positive components. 
Using the following set of parameters: 
8~ =1.6, (~12=0.5, K1 =5;  82=1.5,  ~21 =0.6, Ks=10;  w=0.125, (3.3) 
we have u~ = 3.899, u~ = 6.567, where a12(t), a21(t), for example, may be 
Since 
7r 
~le(t) = ~ Icos (8~t)l,  3~ Isin (8~t)l ~21(t) = ]-6 
(~12 ~- 0.5 < 0.78 : e -0"25, ~21 = 0.6 < 0.78 = e -0"25, 
a12a21 
\-K-11.] \Ks /  = 0.698 > 0.3 -- a12a21 > 010--'-"~, 
then (3.2) with (3.3) has at least one 1/8-periodic solution with strictly positive components. 
The examples how that our results are new, general and easily verifiable. We would like 
to mention here that another interesting but challenging problem associated with the study of 
ecological systems in periodic environment is the global attractivity of periodic solutions with 
strictly positive components. It is well known that the global attractivity for multispecies pop- 
ulation models is difficult even for autonomous delayed Lotka-Volterra type systems [8] and for 
autonomous Gilpin-Ayala competition model without delay [26]. This should be more so for the 
generalized nonautonomous Gilpin-Ayala competition model (1.3) with variable delays, especially 
when there are no instantaneous negative feedbacks in certain species. Traditional type argu- 
ments will prove to be not very effective. It is expected that such problems are more interesting 
and more challenging than the traditional counterpart both mathematically and biologically. 
In addition, we do not show that system (1.3) has a unique positive periodic solution in this 
paper. But if we can prove that the positive periodic solution y*(t) found in Theorem 2.1 is 
globally asymptotically stable, then it is immediate that y* (t) is in fact unique. We will discuss 
this in our subsequent work. 
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